The human major histocompatibility (HLA) complex is located on the short arm of chromosome 6 in the 6p21. 31-6p21.33 region (Spring et al. 1985 , Ziegler et al. 1985a ). The physical length of the entire HLA complex is unknown so far, but our estimate based on the separation of DNA fragments containing HLA genes by pulsed-field gel electrophoresis (Schwartz and Cantor 1984, Carle and Olson 1984) indicates that it encompasses at least 2500 kb pairs (Ragoussis et al. 1986 ). This estimate has recently been confirmed (Lawrance et al. 1987) . Apart from the highly polymorphic class I and II loci, the HLA complex contains the genes for several complement components and 21-steroid hydroxylase (class III region) (Lamm and Olaisen 1985) . In addition, the loci for tumor necrosis factor (TNFA) as well as lymphotoxin (TNFB) are also near or even within the HLA region (Nedwin et al. 1985) . Spies and co-workers (1986) demonstrated that the TNF genes map either centromeric to HLA-DP or telomeric to the class I1 region, although apparently not in the vicinity of any known class I or III genes. The recent demonstration that the TNF loci are situated 70 kb upstream of the H-2D gene in the BALB/c mouse between the class III and class I regions (Mfiller et al. 1987a, b) suggested an analogous location in man, because the genetic organization of the major histocompatibility complexes (MHC) of both species is very similar. To clarify the position of the TNFA and TNFB genes on the HLA map, we have assigned TNFA to large DNA restriction fragments separated by field inversion gel electrophoresis (FIGE) (Carle et al. 1986 ), which hybridize with either class 1II-or class Ispecific probes as well. These results prove that the TNFA locus is localized between the HLA class III region and the HLA-B locus.
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To avoid interpretative difficulties which might arise from haplotype-specific restriction fragment length polymorphisms, mutant human cell lines with monosomy 6 or HLA hemizygosity were employed. All mutants were derived from BJAB-B95.8.6 lymphoma cells with the HLA haplotypes A1, Cw4,B35 and A2, C-,B13 (Spring et al. 1985) . Mutant BM 19.7 is a monosomy 6 mutant cell line retaining the A2 haplotype (Ziegler et al. 1985b ). BM 28.7 also exhibits monosomy 6, but with loss of the chromosome bearing the A2 haplotype (Ragoussis et al. 1986 ). In the interstitial deletion mutant BM 2.2.3, the class I region of the A2 haplotype has been deleted, but the class II and III regions of this haplotype are still present, as is the chromosome 6 carrying the A1 haplotype (Ziegler et al. 1985a) .
Large genomic DNA fragments were generated with various restriction enzymes, separated by FIGE, and analyzed by hybridization to Southern blots (Southern 1975) under stringent conditions. In the Bss HII digests (Fig.  1) , a 370 kb DNA fragment was detected which hybridized both to the HLA-B locus-specific probe that had been derived 29 kb 5' of the HLA-B gene ( Hybridizations with the same probes to blots of Nru I-digested DNA (Fig. 2) gave evidence for the linkage of TNFA to the class III genes. Two Nru I fragments of 710 and 690 kb were detected which contained the class III genes ( Fig. 2a and not shown) and TNFA (Fig. 2b) . It is likely that partial digestion of an Nru I site is responsible for the generation of two fragments of similar size carrying the class III and TNFA genes. The class I region probes hybridized to a distinct fragment of about 800 kb (Fig.  2c ). An even larger Nru I fragment of more than 1000 kb carried class II sequences (not shown).
To prove linkage, double digests with Nru I and Bss HII were performed as well (Fig. 3) . The hybridization pattern obtained with the class lII probes showed that the 125 kb Bss HII fragment carrying the class III region is contained within the Nru I fragment (Fig. 3a) . However, the Bss HII fragment hybridizing with the TNF probe is reduced to a length of only about 50-90 kb (Fig. 3b) . Con-gig. la-e. Southern blot hybridization of human DNA digested with Bss HII. Low melting point (LMP)-agarose blocks containing cells from the cell lines BM19.7, BJAB-B95.8.6, BM28.7, and BM2.2.3 (106 cells per block) were prepared according to the method of van der Bliek and coworkers (1986), slightly modified for FIGE: 2 x 107 cultured cells were pelleted and resuspended in PBS (10 mM sodium phosphate, 150 mM sodium chloride, pH 8), pelleted again, and resuspended in 1 ml PBS. One percent of LMP agarose (BRL ultra pure) in PBS was melted, equilibrated at 37 °C, and mixed well with an equal volume of cell suspension. The agarose/cell mixture was poured into a series of slots in a perpex mold. After solidification, the agarose blocks were deposited in a lysis mix [0.5 M ethylenediaminetetraacetate (EDTA), pH 9.5, 1% sodium lauryl sarcosine, 1 mg/ml proteinase K] at 1 ml per block and incubated for 48 h at 50 °C. The lysis mix was washed off overnight with TE buffer [10 mM Tris/HC1, pH 8, 10 mM EDTA, 0.1 mM phenylmethylsulfonylfluoride (PMSF)], 20 nil/block. Prior to digestion, the blocks were washed for 1 h in restriction enzyme buffer containing 0.1 mM PMSF (RE) (10 ml/block). One hundred microliters RE buffer was mixed with 25 units of enzyme in an Eppendorf tube; a 1/2 block was added and incubated for 6 h at 37 °C. The reaction was stopped with 1 ml TE containing 0.1% NaDoSO 4. Half a block was loaded in a 17 x 15 x0.8 cm 1% agarose gel (Seakem GTG) in 0.25 xTBE (22.5 mM Tris borate, 0.5 mM EDTA, pH 8) and placed in an electrophoresis chamber. FIGE was carried out for 24 h at 150 V or 189 V constant, 15 °C. The voltage gradient was inverted periodically with a time ratio of 3 : 1 and the longer time increasing from 10 to 60 or 120 s. We used a computer-controlled power supply (CS 130, version 2.1) supplied by the EMBL, Heidelberg. After a run, the gel was stained in ethidium bromide (1 gg/ml) for 30 rain, destained for 30 rnin in H20, and photographed under 302 nm UV light (a). The DNA was then blotted to Amersham Hybond membranes, baked for 2 h at 80 °C, and hybridized sequentially with various DNA probes. Prehybridization and hybridization solutions were as follows: 3 X SSC (1 × SSC is 0.15 M NaC1/0.015 M sodium citrate, pH 7.4) containing 5 × Denhardt's solution (0.1% Ficoll, 0.1% polyvinylpyrrolidone, 0.1% bovine serum albumin), 10 % dextran sulfate, 0.5 % NaDodSO, and 100 gg/ml salmon sperm DNA. Prehybridization was performed for 3 h at 65 °C and hybridization overnight at 65 °C with 32p dCTP-labeled DNA probe (Feinberg and Vogelstein 1983) at 106 cpm/ml. Washing was performed in four steps: 10 rain in 2 x SSC, 0.1% NaDodSO 4 at room temperature; 30 min in 1 x SSC, 0.1% NaDodSO 4 at 65 °C; 30 rain in 0.3 x SSC, 0. i % NaDodSO 4 at 65 °C and 30 min in 0. i x SSC, 0.1% NaDodSO 4 at 65 °C. The filters were exposed for 2-7 days to Kodak XAR-5 film at -70 °C. Before rehybridization, the hybridized DNA probe was removed in bidistilled H20 at 70 °C and the result checked by autoradiography. An HLA-B locus-specific probe, a 5.0 kb Kpn I/Hind III fragment, was isolated which is located 29 kb 5' of the HLA-B gene (Weiss et al. 1987) . Another B locus-specific probe, a 2.2 kb Pst I/Barn HI fragment, was isolated 26 kb 3' of the B gene. Probes for C4 and C2 (class III region) were kindly provided by D. Campbell (Belt et al. 1984) and P. Schneider. The TNFA probe was a Hind III/Sal I fragment derived 20 kb 5' of the TNFA gene (Kioussis et al. 1987) . As molecular size markers, the yeast strain way 5-4A prepared as described (Schwartz and Cantor 1984) and X concatemers prepared as described (Van Ommen and Verkerk 1986) were used. The HLA-B 5' locus probe detected a 370 kb fragment (b) which was also recognized by the TNF probe (e) but not by either the C4 (d) or the C2 probe (not shown), which hybridize to a 125 kb Bss HII fragment, or by the HLA-B 3' probe, which hybridized to a 270 kb fragment (e) Figure 1 except that the longer time increased linearly from 10 to 120 s. Hybridization was carried out sequentially (as described in Fig. 1 ) with C4 (a), TNFA (b), and the HLA-B5 ' locus probe (e) Fig. 2a-c . Southern blot hybridization of human DNA digested with Nru I. DNA from the cell line BM28.7 was digested with Nru I. The conditions for FIGE were as in Figure l , except that the voltage was increased to 189 V. Southern blotting and hybridization conditions were identical with those employed for Bss HII-digested DNA. The C2 probe detected two bands of slightly larger or smaller sizes than 700 kb (a) and these were also hybridizing to the TNFA probe (b). The HLA-B5' locus-specific probe detected another fragment of 800 kb (e) which conrains also the HLA-B gene (not shown) sequently, the HLA-B locus-specific probe was expected to hybridize with a different band of about 300 kb, and indeed, a new band of this approximate size (280 kb) was found (Fig. 3c) . This result proves that the Nru I and Bss HII fragments overlap by 50-90 kb, and the TNF genes must be localized within this region (Fig. 4) .
Since an HLA-B gene probe itself and a fragment, isolated 26 kb 3' of this gene, hybridized to a different Bss HII fragment (270 kb) (Fig. le) , it is possible to give a rather precise estimate of the distance between TNFA and HLA-B. The TNFA locus and the closely linked ) TNFB gene are therefore located about 300 kb centromeric to the HLA-B gene. Preliminary experiments employing double digests with Nru I and Not I indicate a distance of TNF to the class III region of not more than 300-400 kb. Since the TNFA/class III regioncarrying Nru I fragment does not contain class II genes, the minimal distance between the class II loci and the class I region must be about 1000 kb.
These data are in agreement with the mapping of the TNF genes in the mouse, where they are located 70 kb proximal to the H-2D gene. However, it is very likely that the physical distance between HLA-B and TNFis considerably larger in the human genome than in the mouse.
Since the association of particular HLA class I and II alleles with a variety of diseases (Tiwari and Terasaki 1985) is still an enigma, the mapping of loci in the vicinity of these genes might provide further insight into the underlying mechanisms. Therefore the location of TNFA and TNFB by FIGE or related techniques in the HLA region may contribute to an understanding of HLA-disease associations. Since the region occupied by the TNFA and TNFB genes is only about 7 kb it is tO be expected that several additional loci will be found between the class I and III regions. The preparative application of FIGE in conjunction with cloning techniques (Michiels et al. 1987 ) will help to bridge the long chromosomal distance between the different class I genes and the class III region.
